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CLAIMS 



[ClaimCs)] 

[Claim 1] In a rinsing fluid, are the approach of drying the front face of the body immersed 
thoroughly, and dry steam is supplied. A drop substantially said rinsing fluid all on the front face 
of said body after a permutation with dry steam at moreover, the permutation rate by the dry 
steam of a rinsing fluid late enough from which a rinsing fluid or dry steam is not substantially 
removed by evaporation of a drop The surface desiccation art which includes the process which 
permutes a rinsing fluid with dry steam by permuting a rinsing fluid directly from the front face of 
said body. 

[Claim 2] The approach according to claim 1 said rinsing fluid is water in the liquid phase. 
[Claim 3] The approach according to claim 2 by which it is heated before and behind the 
temperature of this dry steam before the front face of said body is contacted by said dry steam. 
[Claim 4] The approach according to claim 3 to which heating of said dry steam is carried out by 
heat transfer from said rinsing fluid. 

[Claim 5] The approach according to claim 3 to which heating of said dry steam is carried out by 
heat transfer of the solid-states from the support container which carries out the suspension of 
said body. 

[Claim 6] Said rinsing fluid is an approach according to claim 1 pushed on bottom ** by said dry 
steam. 

[Claim 7] Said rinsing fluid is an approach according to claim 1 pulled apart from said body by the 
external pump means. 

[Claim 8] Said dry steam is an approach according to claim 1 purged from the front face of said 
body by introducing noncondensable gas with inactive [ dry ] after the permutation of said rinsing 
fluid. 

[Claim 9] Said gas is the approach according to claim 8 of being nitrogen. 
[Claim 10] The approach according to claim 1 by which said dry steam is saturated. 
[Claim 11] The approach according to claim 1 by which said dry steam is overheated. 
[Claim 12] Said dry steam is the approach according to claim 2 of being water and compatibility. 
[Claim 13] Said dry steam is the approach according to claim 2 of generating water and the co- 
boiling mixture of the minimum boiling point. 

[Claim 14] The approach according to claim 13 said dry steam is isopropanol. 

[Claim 15] The approach according to claim 1 said dry steam is co-boiling mixture. 

[Claim 16] Said dry steam is the approach according to claim 15 of being the co-boiling mixture 

of isopropanol and water. 

[Claim 17] Said rinsing fluid at a rate at which the drop or dry steam of this rinsing fluid does not 
remain substantially on the front face of said body after a permutation with said dry steam The 
approach according to claim 1 of sealing thoroughly the support container which carries out the 
suspension of this body, and introducing this dry steam from on this body, in order to make this 
rinsing fluid fully flow out, to remove and to permute so that the water surface of this rinsing 
fluid may descend caudad from this body. 

[Claim 18] Said dry steam is the approach according to claim 1 of being the organic compound 
which there are not a front face of said body and reactivity and moreover has the less than 140- 
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degree C boiling point in atmospheric pressure. 

[Claim 19] The approach according to claim 1 which does not need migration of the front face of 
said body, or handling between the processes of rinsing and desiccation. 

[Claim 20] An approach according to claim 19 to fill hydraulically the container said body carries 
out [ a container ] suspension in process for said rinsing and desiccation. 

[Claim 21] Said body is an approach according to claim 20 by which a gas seal is carried out with 
dry steam immediately after drawing of a rinsing fluid. 

[Claim 22] The approach according to claim 1 said body is a semi-conductor wafer. 

[Claim 23] Said dry steam is an approach according to claim 1 filtered by the gaseous phase 

before contacting the front face of said body. 

[Claim 24] The approach according to claim 1 by which the recirculation of it is collected and 
carried out after said dry steam dries the front face of said body. 

[Claim 25] Said dry steam is an approach according to claim 24 by which the recirculation is 
carried out in the form of co-boiling mixture with said rinsing fluid. 

[Claim 26] Said body is a semi-conductor wafer, said rinsing fluid is warm water, and said dry 
steam is isopropanoL At and a rate at which it is the surface desiccation art which seals 
thoroughly the support container which carries out the suspension of this body, and performs it, 
and a drop does not remain substantially on a wafer side When the water surface descends 
caudad from a wafer, in order to remove and permute said water The approach according to 
claim 1 of including the process by which temperature is substantially the same and it is made 
with the steam when you are trying to introduce an isopropanol steam from on a wafer and said 
wafer contacts said steam. 

[Claim 27] The container which supports said body in order to be equipment which dries the 
front face of a moisture body and to contact a washing fluid and dry steam, The runoff means 
into which the inflow means into which said dry steam is made to flow, and said rinsing fluid and 
said dry steam are made to flow, With dry steam, after a permutation, substantially [ a drop ] on 
a front face, a rinsing fluid so that a rinsing fluid may be permuted by dry steam at a rate late 
enough from which a rinsing fluid or dry steam alt is not substantially removed by evaporation of 
a drop again The surface desiccation processor which has the control means which controls the 
rate at which the rate and dry steam with which a rinsing fluid flows out of said container flow 
into said container. 

[Claim 28] Equipment according to claim 27 sealed thoroughly. 

[Claim 29] Equipment according to claim 27 which has a means to heat the front face of said 

body till around the temperature of said dry steam before contacting said dry steam. 

[Claim 30] Equipment according to claim 27 which has a valve means to decrease the pressure 

of said dry steam in order to overheat said dry steam before contacting the front face of said 

body. 

[Claim 31] It is equipment according to claim 27 which said inflow means has on said body in said 
container, and said runoff means has in the bottom of it. 

[Claim 32] Equipment according to claim 27 which has the seal means which carries out a gas 
seal for a body with dry steam after drawing of a rinsing fluid. 

[Claim 33] Equipment according to claim 27 which has a means to introduce into said container 
the inactive noncondensable gas dried after the permutation of said rinsing fluid with said dry 
steam. 

[Claim 34] Equipment according to claim 27 which has a means to hold so that said rinsing fluid 

and dry steam may contact said body front face and said body may not run by the condition that 

the front face of said body contacts said rinsing fluid and dry steam, during passage. 

[Claim 35] Equipment according to claim 34 which has the means it is made to fill said container 

hydraulically while said rinsing fluid and dry steam contact said body front face. 

[Claim 36] Equipment according to claim 27 which has a seal means to prevent the inflow of 

different gas during desiccation. 

[Claim 37] Equipment according to claim 27 which has a means to condense the mixture of a 
rinsing fluid and dry steam after runoff from sa^d container. 

[Claim 38] Equipment according to claim 37 which has a means to recycle to said container by 
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making condensed mixture into dry steam. 

[Claim 39] Equipment according to claim 27 which has an evaporator means to generate the dry 
steam saturated from the original fluid. 

[Claim 40] It is the rate at which said evaporator means is a surface desiccation art for drying 
the semi-conductor wafer immersed in the container into which warm water was put as a 
sewage wash object for said organic liquids, and a drop does not remain substantially on a wafer 
side. When the water surface descends caudad from a wafer, in order to remove and permute 
said water The surface desiccation approach which includes the approach into which the 
enclosed water which temperature is substantially the same and is made with the steam is made 
to fully flow when you are trying to introduce an isopropanol steam from on a wafer and said 
wafer contacts said steam. Equipment according to claim 39 which consists of means to maintain 
the temperature of a section boiler section, an up maintenance section, and said up maintenance 
section at the boiling point of said organic liquid. 

[Claim 41] Equipment according to claim 40 with which a means to restrict the amount of heat 
transfer from said boiler to said maintenance section to said temperature maintenance means is 
established. 

[Claim 42] Said evaporator means is equipment according to claim 39 with which the whole is 
sealed. 

[Claim 43] Equipment according to claim 42 which established a makeup means to supply 
automatically a fresh organic liquid and/, or the recycled desiccation fluid to said evaporator 
means. 

[Claim 44] Said makeup means is equipment according to claim 43 which has a means to reduce 
the temperature of said organic liquid in said maintenance section rather than the boiling point of 
said organic liquid. 

[Claim 45] Equipment according to claim 44 which has a storage means to maintain lower than 
the temperature of said maintenance section the temperature of a fresh organic liquid and/, or 
the supply liquid of the recycled desiccation liquid. 

[Claim 46] Equipment according to claim 27 which established a filter means to filter said dry 
steam by said desiccation evaporation gaseous phase before flowing into a container means, 
[Claim 47] At a rate at which it is a surface desiccation processor for drying the semi-conductor 
wafer immersed in the container into which warm water was put as a rinsing fluid, and a drop 
does not remain substantially on a wafer side When the water surface descends caudad from a 
wafer, in order to remove and permute said water The surface desiccation processor into which 
are trying to make the enclosed water by which temperature is substantially the same and it is 
made with the steam when you are trying to introduce an isopropanol steam from on a wafer and 
said wafer contacts said steam fully flow. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
(Field of the invention on industry) 

This invention aims at desiccation of the front face after fluid processing or a wet process. 
Specifically, this invention relates to adjustment of the semi-conductor wafer in front of a high- 
temperature-processing phase like manufacture of semi-conductor components especially 
diffusion, an ion implantation, epitaxial growth, and a chemical gaseous-phase self-possessed 
phase. Furthermore, this invention relates to the approach and equipment of desiccation of a 
semi-conductor after washing before diffusion. 

(Technical problem which the former, a technique, and invention tend to solve) 
In manufacture of a semi-conductor wafer, several steps of processings need contact in a wafer 
and a fluid. As an example of such a processing phase, there is defecation before etching, 
photoresist stripping, and diffusion. The equipment currently used conventionally for contact of a 
semi-conductor wafer usually consists of a series of tanks or sinks which are immersed in the 
rack of a semi-conductor wafer. For example, the wafer support container is explained by the 
United States patent number No. 3,607,478, No. 3,964,957, and No. 3,977,926. Some difficulties 
arise with this conventional wet process equipment. 

Since the tank is opened by atmospheric air, an airborne particle may permeate into a processing 
solution. These particles shift to a wafer easily through surface tension, when it is immersed into 
a sink and a wafer is fished out from there. This granular contamination is dramatically harmful to 
the detailed circuit manufactured by wafer manufacture processing. Therefore, especially the 
thing for which a granular contamination is made into min is important during the defecation 
before diffusion. 

It is usually necessary to dry a wafer after liquid processing. Since it is important processing in 
which a contamination must not generate at all during desiccation processing, this can be called 
processing which serves as the object of invention especially. Since evaporation produces a spot 
or stripes in many cases, it is not desirable. Since evaporation of ultrapure water or this 
ultrapure water has erosiveness dramatically to a wafer side and the silicon and the silicon oxide 
of a minute amount are dissolved also in the contact period of short water, a problem may be 
produced. By continuing evaporation, the residue of the solute matter will be left behind on a 
wafer side. Other causes of contamination and a poor semi-conductor are announced by the 
69th conventions (Physical Society of Japan and London 1984) 105-120 J.Schadel, the 
"mechanism of the poor device in an integrated circuit", and the semiconductor device in the 
1983 fiscal year, for example. 

The semi-conductor is conventionally dried by the centrifugal force in a revolution rinsing dryer. 
Since it is dependent on the centrifugal force which emits water from a wafer side, these 
equipments have some problems on the occasion of an activity. Mechanical stress is added on a 
wafer, and especially, when it is a large-sized wafer, breakage of a wafer is brought to the 1st. 
Since many moving parts are in a revolution rinsing dryer the 2nd, it becomes difficult to control 
contamination. Since a wafer moves [ 3rd ] conventionally in the inside of desiccation nitrogen at 
high speed, electrostatic charge arises in a wafer side. If a revolution rinsing dryer is opened, the 
airborne particle with a reverse charge will be quickly drawn to a wafer side, and particle 



contamination will produce it as a result. It is difficult to avoid evaporation of the water from a 
wafer side during the revolution processing which has the accompanying fault which was 
mentioned above in the 4th. 

Recently, a steam, or the approach and equipment to chemical desiccation of a wafer are 
developed, and there are the approach and equipment which are indicated in our United States 
patent number No. 4,778,532 in this. Generally chemical desiccation consists of two phases, the 
1st step — a rinsing fluid — preferably, water is driven out of a wafer and replaced by the being 
[ it / water ] desiccation fluid, the desiccation fluid which is not water in the 2nd step — a prior 
dry gas — it evaporates preferably, using inert gas, such as nitrogen, at a low speed. 
Other chemical desiccation processings by which the current activity is carried out in Japan 
carry out sequential immersion of the wafer support container into the tank of deionized water, 
and, subsequently are constituted by making wear hang on the tank of the isopropanol which has 
boiled. Subsequently a wafer support container is gradually pulled out from an isopropanol steam, 
and waterdrop is removed from a wafer side. 

The wafer with which the most important description over an effective wafer desiccation 
technique is manufactured is the point that super-clarification, i.e., a particle contamination, is 
min, and the chemical residue is moreover min. Since many of desiccation solvents are 
inflammability, insurance is also a very important consideration. The automatic handling which 
the consumption of few chemicals, the yield of little trash, and exposure to an operator are not 
as other important design bases, or is not almost is included. 
(The means for solving a technical problem) 

In a rinsing fluid, the surface desiccation art of this invention is an approach of drying the front 
face of the body immersed thoroughly, and supplies dry steam. A drop substantially said rinsing 
fluid all on the front face of said body after a permutation with dry steam at moreover, the 
permutation rate by the dry steam of a rinsing fluid late enough from which a rinsing fluid or dry 
steam is not substantially removed by evaporation of a drop By permuting a rinsing fluid directly 
from the front face of said body, it comes to include the process which permutes a rinsing fluid 
with dry steam, and the above-mentioned conventional problem is solved by that. 
Moreover, the container which supports said body in order for the surface desiccation processor 
of this invention to be equipment which dries the front face of a moisture body and to contact a 
washing body and dry steam, The runoff means into which the inflow means into which said dry 
steam is made to flow, and said rinsing fluid and said dry steam are made to flow. With dry steam, 
after a permutation, substantially [ a drop ] on a front face, a rinsing fluid so that a rinsing fluid 
may be permuted by dry steam at a rate late enough from which a rinsing fluid or dry steam all is 
not substantially removed by evaporation of a drop again It comes to have the control means 
which controls the rate at which the rate and dry steam with which a rinsing fluid flows out of 
said container flow into said container, and the above-mentioned conventional problem is solved 
by that. 
(Operation) 

In order to remove a processing fluid like an etching agent, a photoresist stripping agent, or the 
detergent before diffusion, the approach and equipment according to this invention which dries 
the front face are offered after rinsing the front face of bodies, such as a semi-conductor wafer. 
Dry steam is supplied to a front face so that a steam may replace a rinsing fluid by permuting 
the rinsing fluid on a front face directly at the rate at which a drop does not remain in a front 
face substantially after replacing a rinsing fluid with dry steam. A rinsing fluid is extruded from a 
front face by dry steam as dry steam is supplied from on the body in the system it was 
[ system ] full of the hydraulics target which did the close by-pass bulb completely preferably 
and a hydraulic fluid level falls in bottom **. 

Since a rinsing fluid is usually water of the liquid phase, dry steam is water and compatibility, it is 
desirable to generate water and the azeotropic mixture of the minimum boiling point moreover, 
and especially isopropanol is desirable at this point, furthermore, dry steam is saturated while it 
is substantially pure, or it is overheated preferably — having — **** — moreover, a front face - 
- before contact — the near temperature of dry steam — it needs to be preferably heated to 
the temperature not more than it. Although some steamy condensation may arise on a front face 



by this and excessive condensation should be avoided, an inadequate result will be brought if it 
heats beyond the temperature of dry steam. 

The boiler and distilling column which condense a rinsing fluid and the mixture of dry steam are 
after runoff from the feeder and processing container of the noncondensable gas inactive [ dry ] 
with which dry steam is purged after the permutation of a rinsing fluid as what is further 
contained in the approach and equipment of this invention. 

then, in a desirable example, in the evaporator which generates saturation dry steam, an up 
boiler section and a lower maintenance section are established, and dry steam generates quickly 
with a boiler section to it — having — dry steam — it is exactly held in the boiling point in a 
lower section. This can be attained by preparing the insulating gasket which restricts the amount 
of heat transfers from a boiler section to a maintenance section. A fresh desiccation fluid is 
automatically supplied to an evaporator by lowering the temperature of the fluid in an up 
maintenance section so that the reduced pressure which draws the desiccation fluid fresh from 
the source of storage which is a close by-pass bulb completely preferably, and is maintained 
preferably below at the temperature of an evaporator may be produced. Preferably, it is 
overheated with the means of a pressure drawdown valve, and, moreover, the saturation dry 
steam with a suitable latent-heat curve (diagram of a pressure and enthalpy) is filtered between 
an evaporator and a processing container. 
(Example) 

Although this invention targets widely surface desiccation of a solid-state body, especially a 
plane body after various kinds of wet processes or fluid processing, since this invention mentions 
the defecation before diffusion, and especially desiccation of the semi-conductor wafer after 
rinsing and is explained, it is understood that the same general principle is applied to other 
moisture front faces. 

Furthermore, although the desiccation system of this invention can be used with defecation, 
etching, or various kinds of wafer arts and equipment of other, this system is explained by the 
U.S. Pat. No. 4,775,532 number, and for the activity with the approach and equipment which 
process a wafer using a processing fluid, it is divided and it is suitable [ system ] as asked. 
Therefore, this invention is the amelioration which can be replaced with the steam or chemical 
desiccation system explained by the application. 

Similarly, although the semi-conductor wafer in the inside of rinsing and a desiccation fluid can 
be used for hanging so that various kinds of wafer support containers may be explained here, it 
has become clear that especially the wafer support container explained in our U.S. Pat. No. 
4,577,650 number fits the activity in the approach and equipment of this invention. This support 
container is the object illustrating this invention, and is shown in the form simplified to drayvin^^^^^^ 
of this application. 

As shown in drawing 1 , the used rinsing fluid and the boiler 14 which condenses dry steam are 
formed in the equipment which carries out this invention for the three main equipments 10, i.e., 
the evaporator which generates dry steam, the container 12 which holds a wafer in order to 
process with a rinsing fluid and dry steam, disposal and/, or a reuse. These three units are 
;t:*5|c***(ed) by drawing 1 with the attached piping, a valve, and other structures. 
First, with reference to drawing 2 , the desirable container 12 used by this invention is explained. 
Two or more semi-conductor wafers 16 are hanging with the gestalt of the wafer which carried 
out orientation vertically in parallel [ two trains ] shown by seeing from the side-face side by our 
U.S. Pat. No. 4,577,650 in the wafer support container 18 of the upper part of a type, and the 
lower part currently further explained to the detail, and 20. Although the condition that two wafer 
support containers [ one ] 18 and 20 to apply were accumulated on other upper parts is shown 

drawing 2 , a container 12 can also prepare only such one support containers [ three or 
more ]. In some examples, dropping in a lower support container which is not desirable may arise 
by the pile by the perpendicular direction. 

The wafer support containers 18 and 20 are held in a predetermined location by the up container 
clamp 22 connected to the fluid inlet port 24, and the lower container clamp 26 connected to the 
fluid outlet 28. In drawing 2 , as for the container 12, the wash bath object 30 is selectively 
fulfilled as the upper part is filled with dry steam 32 and the interface 34 of a through gas-liquid- 
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solid-state is caudad pushed in the wafer in the upper wafer support container 18. 
In drawing 3 , the container 12 is formed so that the wafer support container of SEMI 
(Semicondustor Equipment and Meterial Institure, Inc.) acknowledgement may stand in a row and 
may be arranged. Up container clamp 22' in this example is the configuration of a bell jar, and the 
seal is carried out on lower container clamp 26' with the gasket 25 and the clamp fixture 27. 
Wafer container 18' and 20' are in the condition holding wafer 16', and are supported on the rod 
21 in lower container clamp 26'. As for container 12', the condition that the rinsing fluid became 
empty is shown in d raw i ng 3 . 

In case this invention is carried out, it is also possible to adopt other container arrangement (not 
shown). For example, in other examples, since the seal of the system is carried out and overflow 
and waste fluid are removed, one or more wafer support containers can be prepared in the 
overflow mold sink located in the lower container clamp which has suitable covering like a bell jar 
mold similar to up container clamp 22' of drayying 3 . In order to carry out the gas seal of the 
surrounding steamy space of a wafer with dry steam so that the inflow of different gas, for 
example, nitrogen KAZU, may be prevented while a desiccation fluid permutes a rinsing fluid 
directly, it is important to carry out the seal of the system. 

If dra wing 1 is referred to, the lower boiler section 36 and the upside maintenance section 38 are 
formed, metal casing of the boiler section 36 and the maintenance section 38 will be divided into 
an evaporator 10 by the insulating gasket 40, and the amount of heat transfers from lower metal 
casing to up metal casing will be restricted to it by the gasket. 

The heating band 42 or other suitable thermophores are formed in the boiler section 36, and a 
desiccation fluid is heated more quickly than the boiling point. The boiler section 36 surely needs 
to fill the desiccation fluid of a liquid so that the heating surface may always be immersed. While 
being able to form an oil-level detector and a switch (not shown) for this object, a resistance 
temperature detector (not shown) is also formed in the object for measurement of the 
temperature of a desiccation liquid, and the temperature monitor of a heating band. 
An insulating gasket 40 is easy to be the thing of the suitable ingredient of arbitration, and it 
bears the heat of the boiler section 36, and moreover the corrosion by the desiccation fluid also 
has resistance, and it is constituted. For example, the enclosure gasket into which it is put 
between the ANSI flanges of two sheets of the boiler section 36 and the maintenance section 38 
is suitable. Going too far of the troublesome thermal stress which brings about the rapid 
temperature up of an internal desiccation fluid with metal casing is prevented by this insulating 
gasket, thus, although the boiler section 36 is an elevated temperature as dry steam is generated 
quickly, the maintenance section 38 is exactly looked like [ the boiling temperature of the 
desiccation fluid which is the high voltage boiling point ], and is made to be maintained at it. 
The maintenance section 38 held the liquid capacity of an evaporator 10 substantially, and has 
separated the liquid and the steam by about 46 flange of an upper bed. Like the above- ^ 
mentioned gasket 40, a gasket 48 can be put in between flanges 46 and can prevent 
unnecessary heat transfer from the upper bed of the maintenance section 38 near the interface 
of a liquid and a steam. The maintenance section 38 can form other attachment (not shown), 
such as a detector of an oil level, a switch and an external heater, and a water cooled jacket. 
A desiccation liquid and a steam flow out of there while flowing into the maintenance section 38 
through a tube 50 and a cross joint 52. Are fresh./or the liquid through which it circulates a 
desiccation fluid It flows into an evaporator 10 through the valve 54 (preferably Beraud's valve) 
prepared in the inflow line 58, and a filter 56 (submicron filter preferably known as a trademark 
"Millipore"). This inflow line is connected to the distilling column 94 and the waste fluid receiver 
95 which are connected to the source of release (not shown) of a fresh desiccation fluid through 
a valve 53, and offer/or the circulation desiccation fluid mentioned later. 

Saturation dry steam flows into a container 12 through the valve 60 (this is also the Beraud's 
valve preferably) prepared in the line 64, and the flash plate valve 62. This flash valve reduces a 
pressure and can be used for this overheating saturation dry steam so that it may explain to a 
detail below. After passing the flash plate valve 62 and the method change-over valve 68 of 
three, dry steam passes a final filter 69. Since gas can be filtered to altitude rather than a liquid, 
a 0.01 -micron ceramic filter [ like the model "PGF-2 filter" manufactured by the Fastek 
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operation division of Eeast Technoltogy and Inc. ] whose final filter 69 of this is is used." 
The pressure relief valve 66 is also formed in the joint 52 as an object for emergencies to the 
excessive pressure of an evaporator. An evaporator 10 can also establish the drain for 
maintenance (not shown) in boiler 36 pars basilaris ossis occipitalis. 

In order that a container 12 may process a wafer 16, other valves 70, 72, 74, and 76 which 
control the fluid for various kinds of processing fluids which carry out runoff close to a container 
12, for example, etching, stripping, defecation and/, or rinsing can be formed. Although the 
approach of controlling that these fluids flow out and flow into a container 12 is explained to the 
detail by our U.S. Pat. No. 4,778,532, this does not constitute a part of this invention. 
When a desiccation fluid replaces the rinsing fluid from a wafer 16 by the interface 34, a 
desiccation fluid is mixed with a rinsing fluid, a clear desiccation fluid layer is formed in the upper 
part of a rinsing fluid, and the thickness may amount to 1/2 inches or more depending on the 
case. 

This last rinsing fluid and last desiccation fluid layer flow out of a container 12, and flow into the 
boiler 14 concentration and/of a used liquid, or for disposal through the valve 78 or measuring 
pump 79 formed in a line 80. A variable speed pump is used so that a measuring pump 79 may 
control an interface descending speed appropriately preferably and the drying time may be made 
the optimal. An electrostatic-capacity type switch (limit switch) is just before the valve 78 and 
measuring pump 79 in a line 80, and the time of the effluent of the container 12 being carried out 
thoroughly is sensed. At this event, as for the steamy line 64, closing and par JIGAZU can flow 
into a container 12 through valves 71, 68, and 70 and a filter 69. 

Dry steam and purge gas can flow out of a container 12, and can flow into a boiler 14 through a 
valve 78. In order to control the descending speed of an interface 34 still more appropriately and 
to optimize the drying time, a water wash object can be taken out during some periods of a drop 
at least with the variable speed measuring pump 79. The effluent of the wash bath object is 
carried out through a valve 79 to a drain. At the suitable time, the change inflow of a desiccation 
fluid layer and the layer of the wash bath object which is directly under it is carried out through 
a valve 83 to a boiler 14. 

In a boiler 14, the band heater 92 or an immersion heater is formed, and the azeotropic mixture 
of a desiccation fluid or a desiccation fluid, and a rinsing fluid is removed from waste water on it. 
A steam flows into a distilling column 94 and is condensed further. The water cooling type 
condenser 86 condenses dry steam. The cooled noncondensable gas (for example, purge gas) 
flows out through a vent 88, another side and a part of condensate flow into the waste fluid 
receiver 95 through a drain 90, and the recirculation is carried out to the supply line 58 for 
evaporator 10. 

a distilling column 94 is single according to the recirculation of a used fluid, or extent of 
concentration of a desiccation fluid required for disposal — it can be made a series of columns 
of the structure generally adopted a column or conventionally. The waste water with which the 
steam was removed flows out of a boiler 14 through the overflow valve 96, and flows into a boiler 
14 from the next operation as a new batch of a used fluid. A fresh desiccation fluid can be added 
to a recirculation fluid through a valve 83. 

In operation of the approach of this invention, a desiccation fluid is the thing of a rinsing fluid and 
compatibility, and what moreover generates a rinsing fluid and the azeotropic mixture of the 
minimum boiling point preferably is chosen. Since water is a rinsing fluid which can obtain most 
easily and is usually used, especially its desiccation fluid that forms water and the azeotropic 
mixture of the minimum boiling point is desirable. Generally, the front face dried must be non- 
reactivity and, moreover, a desiccation fluid must be the organic compound which has the less 
than 140-degree C boiling point under atmospheric pressure. 

The chemicals most effective in desiccation are isopropyl alcohol (isopropanol). Isopropanol is 
economical, is insurance (avirulent) comparatively, and forms water and the azeotropic mixture 
of the minimum boiling point. Moreover, as an important point, surface tension of isopropanol is 
low and it has the property (that is, it is mixable with an oil in both water) of both hydrophobicity 
and a hydrophitic property. If it is going to be restrained by the specific theory, there will be 
nothing and isopropanol will tend to destroy the troublesome surface tension between 
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hydrophobic water front faces comparatively with the water of a hydrophilic property. Since the 
solid phase in an interface 34 is a wafer side and the liquid phase is ultrapure water, selection of 
a gas phase property has big influence, and isopropanol is considered to be the fluid satisfied 
most. 

Also in the case of a desiccation fluid [ other rinsings and ], although the approach of this 
invention is made to explain to a detail here with reference to the equipment mentioned above, 
and a desirable rinsing fluid(water) and dry steam (isopropanol), this approach can be enforced 
using other suitable equipments, and it is the same. [ of an approach ] 

In the wet process of the semi-conductor wafer according to the approach of our U.S. Pat. No. 
4,778,532, pouring a fluid to top ** through a container 12 so that the fluid inlet port 24 may turn 
into an outlet and the fluid outlet 28 may turn into an inlet port has an advantage for some 
processing. This is applied also to the rinsing fluid through which it usually circulates upward 
through a container. However, according to this invention, it has become clear that the optimal 
gestalt of wafer desiccation is a bottom counterflow. 

In order to heat a wafer to near the boiling point (82 degrees C) of isopropanol, as for the cycle 
of the last of rinsing which uses ultrapure water, it is desirable to use warm water (for example, 
65-85 degrees C). Instead, a wafer 16 lets the support container pass with the means of the 
heating band attached in the wafer support containers 18 and 20, or other heating apparatus, and 
can heat it by direct heat transfer of a solid-state/solid-state. 

A container 12 becomes [ being hydraulically filled with the warm water of ultrapure water with 
as, and ] in the last rinsing cycle. Subsequently, a valve 78 can open. However, since what 
permutes water is not flowing into the upper part, water does not flow out of a container 12. 
Subsequently, an aperture and a pure saturation isopropanol steam flow [ a flash plate valve and 
a valve 70 ] into a container 12 through an inlet port 24. Taking [ for a steam to flow into the up 
container 22 ], water flows out of a pars basilaris ossis occipitalis 26 through the fluid outlet 28 
and a valve 78. 

Instead, rinsing water can be picked out from a container 12 with the lightweight pump 79, and 
the flow rate changes according to the phase of a fetch cycle, for example, the lightweight pump 
79 — an interface 34 — a wafer — it is operated dramatically at high speed, and if an interface 
descends through a wafer, subsequently it will be operated so that it may become a low speed, 
until it turns up exactly. Finally, as for an aperture, and the remaining water and desiccation 
fluids, an interface's passage of the last wafer side 16 only extrudes the bypass valve 78 of the 
circumference of a pump 79 from a container with purge gas. 

Although bottom ****** of the interface of a gas-liquid-solid-state has the compromise value 
which should be taken into consideration, it is believed that being controlled comparatively at a 
low speed is important. Therefore, if runoff from the container 12 of wash water is too quick, a 
drop will remain on a wafer, and when this drop evaporates, a contamination will arise. For this 
reason, it is desirable that dry steam permutes a rinsing fluid from a wafer at a rate from which a 
drop does not remain water substantially on a wafer side after a permutation by isopropanol. On 
the other hand, if the drop of an interface is quick, the productivity of a dryer will improve and 
the consumption of chemicals will become min. 

Generally it has become clear that the result of having satisfied the interface descending speed 
within the limits of per minute 1-4 inches is obtained. In the descending speed exceeding 5 
inches/m, a good result is not obtained and it could not be carried out an inadequate result with 
another side and the descending speed of less than 1 inch/m. Moreover, it has also become 
clear that a container with a high temperature of about 75 degrees C shows good drying ability 
by dropping an interface quickly rather than the container of temperature low about 60 degrees 
C. 

It is desirable to heat isopropanol, to offer the steam dried more and to prevent the risk of the 
steamy condensation on a wafer side so that similarly it may agree in demand that a liquid is not 
removed from a wafer side by evaporation. Since the latent-heat curve in the pressure and 
enthalpy diagram inclines back, when pressure drawdown arises, I hear that the advantage of an 
organic liquid like isopropanol pushes saturated steam all over the heating freld of a phase 
diagram, and there is. Consequently, if the flash plate valve 62 is passed, the saturated steam 



generated with the evaporator 10 will turn into saturated steam dried more, and will be supplied 
to the wafer 16 in a container 12. 

As for the maintenance section 38 of an evaporator 10, it is desirable a minute of to several 
times hold [ of a wafer ] sufficient quantity of liquid isopropanol so that it can without 
supplying an evaporator 10. When isopropanol fresh to an evaporator 10 needs to be added, the 
temperature of the isopropanol which has boiled in the maintenance section 38 can be lowered 
to below the boiling point (it is 82 degrees C at atmospheric pressure). In order to lower 
temperature, it will be useful if the cooling jacket (not shown) attached in the maintenance 
section 38 is used. If temperature falls rather than the boiling point, the steam pressure in an 
evaporator 10 will be decompressed. Subsequently, if a valve 54 is opened, liquid isopropanol will 
be pulled out by absorption from a storage part, and will flow into an evaporator 10. Since this 
liquid isopropanol generally has temperature lower than the evaporator itself, the pressure in an 
evaporator falls further and re-restoration actuation is promoted. 

If wash water flows out of a container 12 and flows into a drain 81 or a valve 83 through a valve 
78 or the lightweight pump 79, a limit switch 82 will sense the event of a liquid flowing out of a 
container 12 thoroughly. Shortly after this container becomes empty thoroughly, a line 64 closes, 
and with inactive [ like nitrogen / dry ], noncondensable gas is introduced through valves 71, 68, 
and 70, and purges an isopropanol steam from a container 12. Since the ceramic filter 69 which 
nitrogen gas also has among valves 68 and 70 is passed, this filter is intrinsically purged with 
nitrogen after isopropanol passage. The blinding produced as condensation of the isopropanol in 
a filter and its result by this purge is prevented. 

The flash plate of all the steams with which the container 12 remains through a drain valve 78 by 
this purge is carried out outside. Nitrogen gas removes what is believed to be the isopropanol of 
the monolayer which is push and is on a wafer side out of a container about an isopropanol 
steam. Although this monolayer has dramatically high volatility, the mechanism of that clearance 
different from evaporation is clear. 

Finally, the thing of the used water of a container and the last of isopropanol flows into a boiler 
14. The object of a boiler 14 and a distilling column 94 is holding the mixture of isopropanol and 
polluted water, carrying out the re-enrichment of uranium isotope of the isopropanol to the 
recirculation or disposal, and lessening the amount. A nitrogen purge will be started once the 
liquid in a container 12 becomes empty. This nitrogen gas passes a container 12, flows into a 
boiler 14, and flows out through a condenser 86 and a vent 88. 

Since it is clear to condense in the layer in the upper bed of water as an interface 34 descends 
within a container 12, isopropanol does not need to remove all the water that flows out of a 
container 12 first. Therefore, a great portion of water is made to flow out through a valve 81, and 
the last pint or that kind of amount (namely, an isopropanol layer and water [ directly under ] of 
it) of a liquid is stored and processed by the boiler 14. Since the amount of a liquid is little such, 
the mixture of isopropanol/water can be boiled easily. 

If it energizes to the band heater 92, water / isopropanol mixture will be heated and the co- 
boiling mixture (79 degrees C of boiling points) of isopropanol and water wilt evaporate from 
waste water. This gas mixture passes along a distilling column 94, flows into a condenser 86, it is 
condensed, and is stored by the waste fluid receiver 95 from a drain 90, or flows back to a 
distilling column 94. Co-boiling mixture and the waste water from which the steam was removed 
are overflowed through a valve 94, and. subsequently the used water of the next operation flows 
into a boiler 14 from a container 12. 

Substantially, since a boiler 14 performs imperfect separation, the liquid sent to a distilling 
column 94 may become 50% of the weight of water, and 50% of the weight of isopropanol from a 
condenser 86. Subsequently, a distilling column separates co-boiling mixture from water, and 
uses it as the co-boiling mixture of 90% of the weight of isopropanol, and 10% of the weight of 
water. This co-boiling mixture lets the waste fluid receiver 95, a suitable mixing tank and/, or a 
filter pass, and can reintroduce it into the batch base or the per-continuum evaporator 10 if 
needed. 

As mentioned above, if water remains in the wafer side after rinsing, stripes, a spot, and granular 
contamination will arise almost unexceptional. Shortly after the residual water screen on a wafer 



side combines with an isopropanol steam, as co-boiling mixture, I hear that the flash plate of the 
advantage which uses the co-boiling mixture, for example, the water, and isopropanol of the 
minimum boiling point is carried out to gas reservoir, and it is in it. Although it has one theory of 
being dependent on the thickness of the liquid isopropanol in the upper bed of the descending 
rinsing water in an interface 34, its layer of liquid isopropanol is thin, or if there is no layer, since 
the problem of drying efficiency on disposal will decrease and its fluid will decrease, it is 
desirable. It is clear for stripes and spots to decrease in number the descending speed of the 
water surface (interface 34) regardless of the effectiveness of this theory, and to become min by 
increasing steamy aridity (degree of superheat) moreover. 

Although the above-mentioned explanation is for condensing an organic liquid to the 
recirculation (close group system) or the object for disposal of isopropanol, it is desirable from 
an environment and an economical land survey to collect to recirculation and to collect 
isopropanol or other dry steam into clarification. This is attained without this co-boiling mixture 
sacrificing corpuscular character ability (cleanliness) of a wafer clear as compared with the case 
where the electric heat property which the boiling point was low and includes heat capacity and 
a transfer constant is good, and it is a fresh and pure isopropanol independent activity. 
When an interface 34 descends at a sufficiently low rate, without being restrained by the specific 
theory, it is believed that water / isopropanol interface is what removes all waterdrop and drops 
of co-boiling mixture from a wafer as an oil level descends. However, if the drop of an interface 
34 is too quick, surface tension or the affinity of the water and other drops to water will come to 
exceed the surface tension of the descending liquid. If it does so, on a wafer, a drop remains, it 
will evaporate and stripes and a contamination will be left behind. Therefore, physical extrusion 
by the steam or hauling by the liquid front face is contained in the approach of this invention, 
consequently the direct permutation by the steam arises to not evaporation but the liquid of a 
drop in it. 

The approach and equipment of this invention are a perfect flow system of full admission 
preferably filled hydraulically all over the phase of rinsing and desiccation (that is, a seal is 
carried out), and it is understood from explanation of a steam that the system does not need 
migration of a wafer or handling between rinsing and desiccation. The advantage of this system is 
indicated by our U.S. Pat. No. 4,778,532. 

By this invention, in the conventional system, contamination of the wafer side by the dissolution 
particle which existed, and other contaminations decreases, and the drying efficiency of a semi- 
conductor wafer improves. 

This invention can be carried out in other various forms, without deviating from the pneuma or 
main descriptions. 
(Effect of the invention) 

The surface desiccation art and equipment of this invention can be dried certainly in this way, 
without polluting an objective front face. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

DiawingJ is a schematic diagram showing the desirable example of this invention. 

D rawing 2 is a detail sectional view of the wafer container shown in drawing 1 . 

Drawing 3 is a sectional view which other examples of a wafer container show. 

10 [ — A wafer support container 24 / — A fluid inlet port, 26 / — A lower container clamp, 

28 / — A fluid outlet 32 / — Dry steam, 36 / — A boiler section, 38 / — A maintenance 

section, 94 / — A distilling column, 95 / — Waste fluid receiver. ] — An evaporator, 12 — A 

container, 14 — 18 A boiler, 20 
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